Abstract. Primary penile cancer is a rare disease. Higher incidence rates occur in underdeveloped countries. Many studies have suggested an association between human papillomavirus (HPV) infection and penile cancer. Although HPV can affect the squamous epithelium of the male genitalia similarly to the female genital tract, the association between penile cancer and HPV remains unclear. In the present study, the HPV gene expression was examined in penile cancer tissue using in situ hybridization (ISH). The present study included 41 cases in which penectomy was performed and 3 cases in which tumor resection was performed to treat pathologically-diagnosed penile cancer at Yokohama City University Medical Center, and its 7 affiliated hospitals between April 1990 and March 2010. The penile cancer tissue was subjected to an ISH analysis, and the clinicopathological features and prognosis were investigated. A total of 5/44 cases (11.4%) showed the expression of high-risk HPV. None of the patients showed the expression of low-risk HPV. The associations between the expression of high-risk HPV, and age, tumor location, tumor size, T stage, pathological differentiation, nuclear grade, Broder's classification, pattern of invasion, Y-K grade, vascular invasion, lymphoid invasion, koilocytosis and lymph-node metastasis were then examined. Patients with a well-differentiated status (P= 0.044) and Broder's Grade 1 (P= 0.019) showed a significantly lower rate of HPV positivity. The HPV expression was not significantly associated with cancer specific survival (P= 0.932). ISH using INFORM HPV III does not detect the HPV genotype, this method is easy to employ and may be useful for the diagnosis of penile cancer tissue, similarly to cervical cancer.
Introduction
Primary penile cancer is a rare disease. The incidence of penile cancer is heterogeneous among different populations; however, it is rare in most of the developed world. In the United States, the age-standardized incidence is 0.3-1.8/100,000 population (1,2). The incidence of penile cancer is high in developing countries, including Uganda (2.8/100,000), and areas of Brazil (1.5-3.7/100,000). The reasons for this are thought to be as follows: i) A high risk of HPV infection; ii) sufficient medical aid not performed; and iii) a high smoking rate (3) . Israeli Jews show the lowest incidence in the world (0.1/100,000). The incidence of penile cancer in Japan is approximately 0.4/100,000; this rate is similar to the rates in other developed countries (4) .
Previous studies have suggested that human papillomavirus (HPV) infection is associated with penile cancer (5) (6) (7) . Oncogenic HPV infection has been well established as a major risk factor for cervical cancer and is associated with the development of >99% of cervical carcinomas. Although it is known that HPV can affect the squamous epithelium of the male genitalia (similarly to the female genital tract) the association between penile cancer and HPV has not been completely elucidated.
Cancer tissue specimens have recently been investigated using HPV DNA assays, including polymerase chain reactions (PCRs) and in situ hybridization (ISH). Although PCRs show high sensitivity in the detection of HPV DNA, there are some disadvantages associated with using PCRs to detect HPV DNA (8, 9) , as the assay requires highly trained laboratory personnel and strict laboratory conditions must be implemented to avoid contamination. Moreover, the morphological context is lost when a PCR is used.
In contrast, ISH works by directly detecting the signals of HPV DNA and the morphological context is preserved. The results of ISH are interpreted similarly to the results of immunohistochemical staining. ISH signal patterns of HPV DNA have been reported to be some correlation with the physical status of HPV in infected cells (10) . The integration (11) . ISH assays using improved signal-detecting methods, which show higher sensitivity, including the enzyme-categorized signal detecting system, have been developed in recent years (12) . The majority of cervical cancers (>90%) express HPV and the HPV vaccine has an important role to play in preventing cervical. In the present study, we performed ISH to examine the HPV gene expression in penile cancer tissue.
Patients and methods
The study population. Forty-one cases involving patients who underwent penectomy and 3 cases involving patients who underwent tumor resection to treat pathologically-diagnosed penile cancer were included in the present study. All of the patients were treated at Yokohama City University Medical Center (Yokohama, Japan) and its 7 affiliated hospitals between April 1990 and March 2010. The primary tumor was removed by amputation or tumor resection. Ethical approval and consent to participate: The present study was approved by the Institutional Review Board of Yokohama City University and written informed consent was obtained from the patients.
Histopathological features. One pathologist (T.S.) performed a histological review) using 3.5-µm-thick tissue sections that had been stained with hematoxylin and eosin (Fig. 1) . The following pathological variables were investigated: The depth of tumor invasion, the grade of histological differentiation, the grade of infiltration, Broder's grade Yamamoto-Kohama (Y-K) grade, and the presence/absence of lymphovascular embolization and koilocytosis.
ISH. ISH was performed using tissue specimens (thickness, 4-µm) that had been obtained during penectomy. The sections were subjected to ISH studies with Ventana HPV III probes (Ventana Medical Systems, Inc., Tucson, AZ, USA). The Ventana INFORM HPV assay is able to detect both high-risk (HR) HPV (16, 18, 31, 33, 35, 45, 51, 55, 58, 59 , 68, and 70) and low-risk (LR) HPV (6, 11, 42-44) types, just as with cervical cancer (13) . A sandwich hybridization reaction that consists of a fluorescein-labeled probe that is complimentary to the HPV target, a primary biotinylated linking antibody (anti-FIC, as well as antibiotin or antidigoxigenin), a secondary biotinylated linking antibody, and an alkaline phosphatase conjugated avidin, stains cells that are positive for HPV DNA with a blue color (Figs. 2 and 3 ). An ISH iVIEW Blue BPlus Detection kit is used to detect the labeling (Ventana Medical Systems, Inc.) (8) . The staining runs each included appropriate positive and negative controls (provided by the manufacturer).
Follow-up procedures. The follow-up procedures included a physical examination every three months during the first 2 years, every 6 months in the third year and annually from the fourth year. Computed tomography was performed every 6 months.
Statistical analysis. The Mann-Whitney U and chi-squared tests were performed to analyze the patients' characteristics and preoperative factors. Multivariate logistic regression analyses were used to identify individual factors. The Kaplan-Meier product limit estimator was used for the estimation of OS. The survival duration (defined as the time between radical cystectomy and death) was compared using a log-rank test. P<0.05 was considered to indicate a statistically significant difference. Table I . Eighteen cases (40.9%) showed koilocytosis. Preoperative CT revealed lymph-node metastasis in ten cases (22.7%); the remaining 34 cases (77.3%) showed no lymph-node swelling. Two cases (4.5%) showed distant metastasis.
Results

Patients
ISH.
Five of the 44 cases (11.4%) showed the expression of HR HPV. None of the patients showed the expression of LR HPV (Table I) . We next examined the correlation between the expression of HR HPV and age, tumor location, tumor size, T stage, pathological differentiation, nuclear grade, Broder's classification, pattern of invasion, Y-K grade, vascular invasion, lymphoid invasion, koilocytosis, and lymph-node metastasis. Patients with a well-differentiated status (P=0.044) and Broder's Grade 1 (P=0.019) showed a significantly lower rate of HPV positivity. The HPV expression was not significantly associated with the cancer-specific survival (P=0.932; Fig. 4 ).
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Discussion
HPV is reportedly detectable by ISH in 30-80% of cervical cancer cases. The rate of HPV positivity in the present study (11.4%) was low in comparison to previous reports (14) . Some possible reasons for this are as follows: i) Japanese penile cancer patients show a lower rate of HPV positivity; ii) an HPV genotype that is not detectable by this kit might play a role in penile cancer; or iii) the HPV gene volume might be lower in comparison to cervical cancer. Histologically, the expression of HPV is thought to be positively associated with tumor differentiation and keratinocytosis. However, a negative association has been reported between the HPV expression and tumor differentiation (15) . The present study revealed that poorly differentiated cancer was associated with a higher rate of HPV positivity. Previous studies of patients with solid cancers have also reported that patients with poorly differentiated tumors showed a higher rate of HPV positivity. HPV expressions in reported organs were varied by organ (Table II) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) .
In cervical cancer, HPV plays an important role in cancer development and HPV vaccination is widely performed. According to a previous report more than 90% of cervical cancer patients are positive for HPV-DNA (26) . Some reports have shown that HPV vaccination might prevent squamous cell carcinoma in the anus, skin, and neck (26, 27) . On the other hand, in cancers other than cervical cancer, the rate of HPV positivity varies by country and age and there is no apparent correlation between cancer development and HPV infection (28, 29) . The female sexual partners of patients with penile cancer do not have an increased incidence of cervical cancer. At present, there is no recommendation for the use of HPV vaccination in boys due to the differences in the HPV-associated risk patterns in relation to penile and anal cancer. Furthermore, the epidemiological effects of HPV vaccination and its acceptance in girls will have to be assessed before any further recommendations can be made (30, 31) .
It is not clear whether the prognosis of HPV-associated penile cancer differs from that of non-HPV-associated penile cancer. The 5-year disease-specific survival of patients with HPV-positive penile cancer was reported to be significantly better than that of HPV-negative penile cancer (93% vs. 78%) in one study (16) , while another study reported that there was no difference in the rates of lymph node metastasis or 10-year survival (17) .
The details of the correlation between the expression of HPV and the prognosis remain unknown. Sonpavde et al reported that HPV-expression-positive penile cancer was associated with a favorable outcome (32) . The present study showed no significant association between the rate of HPV expression and the outcome; however, the study population was relatively small.
There were no significant differences in the rate of koilocytosis. This means that koilocytosis might have been the result of an active HR HPV infection or the presence of koilocytosis might indicate a previous HPV infection.
In conclusion, HR HPV was detected in 5 of 44 (11.4%) penile cancer cases. LR HPV was not detected in any of the cases. There was some correlation between the expression of HR HPV and the tumor differentiation and keratinization (Border's classification). The OS of the HPV-positive patients did not differ from that of the HPV-negative patients. Although ISH using INFORM HPVⅢ does not detect the HPV genotype, this method is easy to use and might be useful for examining penile cancer tissue, as it is for cervical cancer tissue.
